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Remarks/Arguments; 

Claims 1-12 were pending in this application. With this Amendment, the applicant is 
amending claim 1 to recite that the process is for the production of an aliphatic alcohol by the 
hydrogenation of an aliphatic aldehyde, as suggested by the Examiner. The applicant has also 
made other editorial revisions to claim 1, The applicant submits that no new issues are raised 
by the amendments to claim 1. 

Claims 1-12 stand rejected under 35 U.S.C. § 103 as obvious based on Mills (U.S. Patent 
No. 4,052,457 (the '467 patent)). The applicant submits that, for the reasons discussed below, 
the '467 patent does not render the claimed invention obvious. 

In applying Section 103, the Supreme Court has directed the U.S. PTO to make 
underlying factual inquiries as stated in Graham v. John Deere Co., 383 U.S. 1 (1966), and as 
affirmed in KSR International Co. v. Teleflex, Inc., 550 U.S. 1 (2007). The factual inquiries 
enunciated by the Court are as follows: 

(1) Determining the scope and content of the prior art; 

(2) Ascertaining the differences between the claimed invention and the prior art; and 

(3) Resolving the level of ordinary skill in the pertinent art. 

Turning first to determining the scope and content of the prior art, the only prior art 
relied upon to reject the pending claims is the '467 patent. The '467 patent is directed to a 
process for the catalytic reduction of aldehydes to alcohols, using feeds which contain thiophene 
or other ring-type sulphur compounds. See column 1, line 6-8. The '457 patent reduces 
aldehydes to the corresponding alcohols without decomposing the sulphur compounds to free 
sulphur and/or sulphur compounds which deleteriously affect the reduction catalyst. Col. 1, 
lines 23-27. Typical conditions for preventing such decomposition include maintaining the 
temperature of the aldehyde reduction reaction in the range of 450° to 550°F, the pressure in 
the range of 800 to 1200 psig, and the liquid hourly space rate in the range of 1.0 to 1.5. See 
col. 2, lines 32-37. The '467 patent uses a copper-zinc oxide catalyst to effect the reduction of 
the aldehydes to alcohols. 
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Perhaps the most relevant teaching of the M67 patent as it applies to the present 
invention is the source of the thiophene or other ring-type sulphur compound. When reviewing 
the '467 patent, it is clear that such thiophene is a constituent which is inherent in the raw 
material or feed to the process, and not added to the feed as a separate additive. At col. 2, 
lines 42-50, the '467 patent mentions that the olefin containing streams are used to produce 
the alcohols by first hydroformylation and subsequent reduction of aldehydes to alcohols "in the 
presence of thiophene and similar compounds usually found in these streams" (emphasis 
added). This thought is repeated at col. 1, line 63 through column 2, line 2, which mentions 
that the feeds typically contain thiophene, among other constituents, and that such a feed is a 
heptene fraction recovered from a catalytically cracked hydrocarbon feed readily obtainable in a 
conventional refinery operation. Thiophene is also recognized as already being in the feed in 
Example II (col. 3, line 34). 

From this collective teaching, it is clear that the '467 patent recognizes that thiophene or 
another ring-type sulphur compound Is part of the material which is refined and subsequently 
may be fed to a hydroformylation reactor, the product of which is used as the feed for the 
reduction of aldehydes to alcohols, i^loreover, the '467 patent recognizes thiophene or other 
ring-type sulphur compounds as undesirable; the entirety of the '467 patent is directed to 
minimizing the adverse effect of thiophene or other ring-type sulphur compounds on catalysts, 
namely by preventing their decomposition. 

The fact that sulphur-containing compounds are part of the refined materials is also 
confirmed in at least one of the background references to the '467 patent. The applicant 
encloses a copy of one of these background references, namely U.S. Patent No. 2,713,075 to 
Doeringer et al. The '075 patent is directed to purifying alcohol products in the presence of a 
sulphur-insensitive hydrogenation catalyst. The '075 patent recognizes the difficulties 
encountered in the hydrogenation stage caused by sulphur poisoning of the hydrogenation 
catalyst. See Col. 2, lines 23 through column 3, line 32. Clearly, sulphur-containing 
compounds are recognized as contaminants by the '075 patent (see col. 2, line 36 and lines 46- 
51, stating "Any sulphur which is present in the crude reaction mixture ... combines with the 
hydrogenation catalyst to reduce and even completely destroy catalyst activity unless sulphur- 
insensitive catalysts are used.") It should be emphasized that the sulphur is characterized as 
being "present in the crude reaction mixture." 
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Turning next to the differences between the claimed invention and the prior art, the 
applicant addresses below Independent claims 1 and 6 separately. Independent claim 1 recites 
a process for the production of an aliphatic alcohol by the hydrogenation of an aliphatic 
aldehyde over a hydrogenation catalyst comprising a copper compound and a zinc compound. 
The process comprises the step of treating the catalyst with an organic sulphur compound by 
adding said organic sulphur compound to a feed stream before said feed stream contacts the 
catalyst. As can be easily inferred from the description above, a difference between claim 1 and 
the relied upon prior art is that claim 1 specifies "treating said catalyst with an organic sulphur 
compound by adding said organic sulphur compound to a feed stream before said feed stream 
contacts the catalyst." 

As discussed above in connection with the '467 patent, the sulphur compound of the 
'467 patent is refined along with the feed and, thus, is part of the refined feed from the time of 
its initial collection. Accordingly, it cannot ever be deemed to be "added to the feed stream" 
because it is extracted with the feed in the first instance. Moreover, this step of "adding" is a 
subset of the general step of "treating said catalyst with an organic sulphur compound." The 
'467 patent certainly does not contemplate treating the catalyst with an organic sulphur 
compound at all, let alone by adding the organic sulphur compound to a feed stream before the 
feed stream contacts the catalyst. In fact, such a step would be counterintuitive relative to the 
teaching of the '467 patent which, as stated above, worl<s to specify conditions which limit the 
possible adverse impact of an organic sulphur compound which is refined with the feed. 

In view of these differences between claim 1 and the cited prior art, the applicant 
contends that claims 1-5 and 7-12 are patentable over the '467 patent. These differences are 
stark and there is no reason provided which would cause one of ordinary sl<ill in the art to have 
modified the teachings of the '467 patent to treat the catalyst with an organic sulphur 
compound by adding said organic sulphur compound to a feed stream before the feed stream 
contacts the catalyst. In fact, the logical extension of the '467 patent would be to refrain or 
minimize the inclusion of any organic sulphur compound In the feed, in view of the emphasis of 
the '467 patent, namely, to limit the Impact of the sulphur compound. 

Claim 6 specifies a process for the production of an alcohol comprising three steps: 
(a) reducing a catalyst bed with a hydrogen-containing gas stream; (b) feeding to the bed a 
gaseous feed stream comprising an aldehyde, a sulphur compound, and hydrogen for a certain 
period of time and at a certain sulphur compound concentration; and (c) subsequently feeding 
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to the catalyst bed a feed stream to which no sulphur compound has been added. While there 
may be additional differences between claim 6 and the '467 patent, one quite profound 
difference Is step (c), namely subsequently feeding to the catalyst bed a feed stream to which 
no sulphur compound has been added. 

As expressed above, the feed of the M67 patent contains thiophene or some other ring- 
type sulphur compound. There Is no disclosure In the '467 patent of first separating the 
thiophene or the other ring-type sulphur compound from the feed prior to introducing that feed 
to the catalyst. This Is not done at any time in the process of the '467 patent, let alone after "a 
period of time sufficient to provide from 0.2 to 10 kg of sulphur per ton of catalyst." The Office 
Action states at page 5 that adding step (c) would have been "within the common knowledge to 
one skilled in the art in considering the nature of the specific problem of hydrogenation of 
aldehyde to alcohol." Under KSR, the Supreme Court recognized that it can be important to 
identify a reason to modify references. KSR, 550 U.S. at 21 and 22. The Court also 
admonishes that obviousness rejections "cannot be sustained by mere conclusory statements; 
instead, there must be some articulated reasoning with some rational underpinning to support 
the legal conclusion of obviousness." Id. at 21. No such "articulated reasoning" or "rational 
underpinning" is provided, mandating that this rejection be withdrawn. 

For completeness, the applicant notes that the Office Action mentions that the 
arguments in response to the previous rejection of claims 6 and 8 due to "Obviousness Double- 
Patenting" have been considered but are not found persuasive. The applicant presumes that 
the Office intended to refer to the obviousness rejection, as the applicant is not aware of any 
obviousness-type double patenting rejection made in this application. 

Claims 1-12 stand rejected under 35 U.S.C. § 112, second paragraph, as failing to set 
forth the subject matter which applicant regards as the Invention. The applicant contends that 
claims 1-12 are sufficiently definite. Claim 1 specifies "treating said catalyst with an organic 
sulphur compound by adding said organic sulphur compound to the feed stream before said 
feed stream contacts the catalyst." The claim properly sets forth the metes and bounds of the 
invention and unambiguously states what is needed to carry out the process. Whatever 
happens to the organic sulphur compound after It is added to the feed stream is not relevant for 
purposes of Section 112, second paragraph, nor for purposes of the obviousness rejection 
discussed above. The Examiner's understanding is correct when the Office Action states that 
amended claim 1 recites a process step by adding organic sulphur compound to a feed stream. 
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not a decomposed sulphur. Claim 6 similarly states feeding to the bed of said reduced catalyst 
a gaseous feed stream comprising an aldehyde, a sulphur compound, and hydrogen. 

The applicant contends that these claims are sufficiently definite under Section 112, 
second paragraph. To the extent that the previous response argued for patentability based on 
claim limitations not present in either claim (e.g., that the sulphur compounds are decomposed 
so that the catalyst is treated with sulphur), the applicant hereby withdraws such statements. 
As stated above, and as should be clear from this response, such an argument is not necessary 
for overcoming the obviousness rejection based on the '467 patent, nor is this point relevant to 
a consideration of the definiteness of the claims under Section 112, second paragraph. 

In view of the foregoing amendments and remarks, the applicant respectfully requests 
reconsideration and allowance of the pending claims of this application. 



CRL/lrb 

Enclosure: Copy of U.S. Patent No. 2,713,075 
Dated: October 24, 2007 
P.O. Box 980 

Valley Forge, PA 19482-0980 

(610) 407-0700 

The Director is hereby authorized to charge 
or credit Deposit Account No. 18-0350 for 
any additional fees, or any underpayment or 
credit for overpayment in connection 
herewith. 

l.B_H : \NRPORTBL\RP\LISA\209594_1 .DOC 



Respectfully submitted. 




Christopher R. Lewis, Reg. No. 36,201 
Attorney for Applicant 
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This invention relates to a solid-liquid treatment 
method for impure alcohols, particularly with respect 
to the purification of finished alcohol products with a 
view to the improvement of color qualities of both the 
alcohol and its chemical derivatives. Specifically, this 



ing nickel, tungsten, molybdenum, their oxides and sul- 
fides and others may be used. These catalysts may be 
supported on some suitable carrier such as charcoal. The 
liquid product from the hydrogenation stage is worked up 
by distillation to separate the desired alcohols from 
unconverted clefinic feed material, unhydrogenated car- 
bonyl compounds, and hydrocarbons formed in the 
process. 

The overall carbonylation or so-called "Oxo" reaction, 
0 as outlined above, provides a particularly efiective 
method for preparing valuable primary alcohols, par- 
ticularly of the C4 to Ci2 range. One of the largest and. 
most hnportant uses developed for the synthetic alcohol 
products is that of producing esters suitable for plas- 
0 ticizers, by reaction with both aliphatic and aromatic 
acids or anhydrides, including such examples as phtbalic 
and maleic acid anhydrides. Certain of the synthetic 
alcohols prepared by the oxonation and hydrogenation 
reaction are known to be especially suitable for the manu- 



invention is directed to a novel process for the pnrifica- £i) facture of ester plasticizers and particularly for 



..-.I of alcohol products obtained by the catalytic reac- 
tion of olefins with hydrogen and carbon monoxide to 
give reaction mixtures which consist substantially of 
carbonyl compounds which are subsequently hydrogen- 



clear plastics. These include alcohols of from 04 to Cw 
range, and particularly, the octanols and the nonanols; 

Serious diiRculties have been encountered in the hy- 
drogenation stage as a result of sulfur poisoining of the 



ated in the presence of a sulfur-insensitive hydrogenation 23 hydrogenation catalyst, when the catalysts used are those 



catalyst in order to convert the carbonyl groups substan- 
tially completely to alcoholic hydroxyl groups. 

It has been discovered that impure alcohols such as 
those obtained from synthesis processes and especially 
the 0x0 synthesis, can be purified as to color-producing 30 ly have sulfui 
impurities by treatment under specific conditions of tem- Furthermore, there 
perature and time in a solid-liquid two phase system 
employing as the solid treatuig agents certain selected 
metallic oxides. Preferably, the treated alcohol is 



such as nickel and others which are sulfur sensitive. . The 
most readily available oleflnic feed stocks for tlie oxy- 
genation reaction are selected hydrocarbon streams de- 
rived from petroleum refinery sources and these frequent-. 

as high as 0,1% or even higher, 

a variety of other ways hi which 

sulfur may be introduced into the alcohol product dur- 
ing both the oxonation and hydrogenation stages. For 

..uv... ...v.w^w^, ^- instance, the fatty acids used to form the metal oxonation 

jected to a suissequent distillation following the treat- ?» catalyst for the purpose of introducing the metal mto 
ment in order to give a completely satisfactory alcohol the reactor as the metallic naphthenate, stearate, or oleate, 
product. wUl usually be found to contain small amounts ofsulfur- 

The synthesis of oxygenated organic compounds from containing compounds as cohtamuiants, particularly 
olefinic compounds and mixtures of carbon manoxide when the fatty acids themselves are of petroleum origm 
and hydrogen under suitable conditions is well known 40 as they frequently are. The synthesis gas used in the 
in the art. The olefinic starting material is allowed to oxonation zone which is primarily a mixture of carbon 
react in the liquid state with carbon monoxide and hydro- monoxide and hydrogen also may contain sulfur impu- 
gen in the presence of a- metal catalyst, usually an iron 
group metal catalyst, such as a suitable cobalt compoimd 
to form, in a first or oxonation stage, organic carbonyl 45 
compounds such as aldehydes, ketones, and acids having 
one carbon atom more per molecule than the olefinic 
feed material together with some condensed higher mo- 
lecular weight products such as acetals, hemiacetals, and 
esters. The carbonyl compounds which predominate in fiO 
the product are then usually subjected to hydrogenation 



o produce the corresponding alcohols, 
usually in a rather impure state. 

Practically all types of organic compounds havmg an 
olefinic double bond may be used as starting materials £ 
to the first or oxonation stage including aliphatic olefins 
and dioleflns, cyclo-olefins, aromatics with olefinic side 
chams, oxygenated compounds having olefinic double 
bonds, etc. The metal catalyst is preferably used in 



rities and, in fact, the gaseous reactants employed in 
both stages of the Oxo reaction usually contain at least 
traces of sulfur impurities. 

Any sulfur which is present in the crude reaction mix- 
lure contaming the carbonyl compounds, is canied 
through the oxonation stage into the hydrogenation stage 
where it combines with the hydrogenation catalyst to 
reduce and even completely destroy catalyst activity un- 
less sulfur insensitive catalysts are used. The sulfur sen- 
sitive catalysts are generally of tiie metallic type and the 
deactivating effect of the sulfur on their activity requires 
frequent reactivation, catalyst replacement, and increased 
amounts of a catalyst whose cost is definitely a com- 
mercial factor and may be prohibitively high. Thus, it is 
considered necessary for optimum operation in the hy- 
drogenation step to employ a sulfur-insensitive catalyst. 
These sulfur insensitive catalysts include particularly cer- 



form of a fatty acid salt soluble in the olefinic feed stoc!^ 60 tam metallic sulfide hydrogenating catalysts, examples of 
such as the naphthenates, stearates, oleates, etc, of cobalt, such catalysts being nickel sulfide, molybdenum sulfide 
iron or nickel. Suitable reaction conditions include tem- and tungsten sulfide. While these catalysts have the de- 
peratures of about 150°-450° F., pressures of about 100 dded advantage of avoidtag the inactivation due to sui- 
te 300 atm.i HaiGQ ratios of about 0.5-4.0 to 1, liquid fur content of the feed stock, they also possess the dis- 
feed rates of about 0.5-5 v./v./hr. and gas feed rates of 05 advantage that they permit the sulfur to pass unchanged 
about 1,000-45,000 standard cu. ft, of Ha-f CO per bar- through the hydrogenation zone and, indeed, in many 
rel of liquid olefinic feed. cases, tend to introduce additional sulfur contammation 
The hydrogenation stage may be operated at conven- into the alcohol. Thus, the final crude alcohol may have 
tional hydrogenation conditions which mclude tempera- a total sulfur content from 30 to 100 p. p. m. or m some 
tures, pressures, gas and liquid feed rates approximately 70 cases, an even higher value if no sulfur clean-up oper- 
within the ranges specified above for the first stage. ations are done. 

Various known types of hydrogenation catalysts mclud- In general, the entire content of the sulfur which is 
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present in the. synthetic Oxo alcohols is in the form of 1% to 20% molal excess of alcohol is used based on the 
organically combined sulf-ur. Although the exact type : quantity of phthalic anhydride used. The esteriflcation 
of organic imjpurities in which the sulfur occurs has not reaction is carried to substantial completion by esterifica- 
been fully determined, it is, believed that the sulfur is. tion for a suflacient time. The unreacted alcohol is then 
present in a. variety pf forms and that in general, -it is 5 stripped off from the ester product under reduced pres- 
deleterious in all these forms when occurring in the final sure and blended with fresh alcohol for returning to the 
alcohol, although certain types of organically combined esteriflcation zone. Thus, undesirable color and odor 
sulfur are definitely known to be more undesirable than forming materials including sulfur containmg impurities 
are other sulfur impurities. The more highly alkylated have the opportunity to build up during the recycle stages 
\ anji less acidic sjulfur materials appear to be less active 30 to a point at which they must be purged frpm the systeiri 
■ ; ill- producing colored impurities in stainless steel, and . before continuing the recycling operation. This presents 
other types of metallic equipment. Furthermore, it has .. impurity problems which occur even through the actual, 
.been found that in general the .sujfur present in which the reaction is carried out in corrosion resistant or glass-lined 
valence of the-sulfur indieatM it to be in a more highly equipment. Ttie high temperature esteriflcation is a 
oxidized form, is less ipjurioiisvthan the sulfur which is .35 much more severe test as to the purity and stability of 
preserit:in a relatively reduced valence state. ' T^^ the reaotants and is more truly representative of typical 
alcohol should contaiji a mibimuro of . sulfur-containing plant scale esteriflcation conditions, 
compounds and particularly those in which the sulfur is. . There are regularly used a number of modified ester- 
relatively more acidic and in a relatively more reduced . ification procedures. Two of the main ones which are 
state. It is also a better practice to remove a major por- £0 widely used for preparation, of the dioctyl pbithalate. 
tion of the carbonyl compounds in order to obtam alcor . ester include the Ijigh temperature method in which the . 
hols which give commercially acceptable ester plasticizers. one mole of phthalic anhydride is heated with approxi- 
Some such purification is especially necessary if the ester mately 2 to 2.4 moles of octyl alcohol. The ester may be. 
is manufactured in stainless steel equipment and un- prepared in a number of ways. In one such method, 
reacted or excess alcohol is recycled to the esteriflcation :•) Uie ester is recovered by distilling, first, the unreacted 
zone. A number of types of sulfur-containing impurities alcohol and anhydride under reduced pressure, then 
are believed to be present and ainong those probable in finally, if it is so desired, by distilling the ester. How- 
an isooctyl alcohol product prepared from a C7 olefin, are ever,, it is preferred to use the ester without distilling 
isooctyl mercaptan, isooctyl sulfide, diethyl sulfide, di- it, and this can be done if the alcohol used m the 
ethyl disulfide, diisopropyl sulfide, diisopropyl disulfide, SO esteriflcation is of sufficient purity. Although a number 
butyl sulfide, as well as the corresponding sulflnic acids, of finishing techniques are used, in all cases unreacted 
sulfonic acids, sulfoxides and sulfones. alcohol is distilled off for recycle. The catalytic method 
Perhaps the most important commercial use for these in which benzene sulfonic acid or a similar type material 
higher molecular weight alcohols, such as the Cb isooctyl is used as a catalyst may be employed to give catalytic 
alpdhols prbduced by the 0x0 reaction, is in esteriflcation S.> esteriflcation at a lower temperature. The color deg- 
reactions:to foiin compounds of the diester type for use radation of isooctyl alcohol during esteriflcation has 
as plasticizei-s in resta and plastic compositions. Those of also been found to be a function of tiihe and complete- : 
'■ the phthalate and adipate type are widely manufactured. ness of esteriflcation. The highly purified isooctyl alcohol 
Even though an. alcohol product of a synthetic source products, such as those made from alcohol purified 
.. appears to be colorless, it freq^ently contains small 40 through the borate ester or prepared over a sulfur- 
amounts of impwities which form colored bodies during sensitive .metallic . hydrogenatioti catalyst, show .prac- 
•the subsequent acid-alcohol reaction. These colored tioally no color degradation in any method of esterifioa- 
m^terials are difl3cult to remove from the resulting higb- tion. Such refined methods, of production are, however, ' 
boilmg ester products and result in inferior esters which prohibitively expensive for large scale commercial pro- 
require additional and excessive purification prior to their <t5 duction. The ester color can be expfessed in terms of a 
use as plasticizers. Hazen ester color number, a hi^ number indicating W 
. These esters are prepared in standard type esteriflcation darkened, low quality: ester product. . An alcohol haying 
equipment employing reactors made of stainless steel or a Hazen ester color of 75 to 100 is considered acceptable 
other metal or, in some cases, in glass-lined reaction ves- for commercial use. This standard test for ester color 
• ' is described in the literature and is reported in A. S,T. M. 



number of instances, particularly when the esters D-268-46. 
were produced in reactors having metallic surfaces ex- In order to test the effectiveness of a treatment for 
posed to the reacting mixtures, the products were found removing sulfur and sulfur-containing impurities from 
: to b^ deficient as to the standards required for plasticizers, Oxo alcohol products, it has been found that accelerated 
in stch : characteristics as odor, color, and plasticizing esteriflcation tests can be carried out which simulate the 
qualities such as the poor weathering tendency of the conditions present during large scale commercial ester- 
i^ms and plastics in which such plasticizers are used. iflcations, particularly in reactors in which the esterifica- 
These undesirable characteristics are believed to be. . tion mixture is exposed to metaUic surfaces. One such 
caused by impurities present in the alcohol product and test consists in carrying out the esteriflcation for a suit- 
certain of them are caused particularly by the sulfur PO: able time and at the required temperatures in the presence 
products present m the alcohol, although other materials . of suitable metallic strips, the. standard esterifications 
which can affect ester color and odor includis polymer- being done in glass type reactors. The strips preferably 
ized and condensed higher molecular weight impurities used and those which give the most reproducible results 
as well as unreduced carbonyl compounds and other iion- . ve of the type 304 stainless steel, the surface of which 
alcoholic compounds. In fact, it has been found that, 0-5. has been prepared by sand .Wasting. Powdered stain. 
'^^^,.1^ f- alcohol which, adequately . less steel, can also be .employed in the esteriflcation re- 
meets aU specifications, the active, color-producing sul- actions to. .test the- purity of .the Oxo alcohol, particu- 
fur content should best be reduced to a value somewhere larly: as lo sulfur ciintent. This test. is. considered. to be 
near 5 parts per million, although somewhat higher total the most , rigorous and gives the most -complete test of 
sulfur concentrations can be tolerated, the exact limit of 70 ajcphol quaUty when the impurities being:"tested for are ' 
tolerance dependmg partially ijpon the form in which of the sulfur type. - 

the sulfur occurs. Only certain, types of the.sulfur-Hjon- It has now. been discovered that undesirable color 

tammg unpurities seem to be among the most active color .. characteristics of primary alcohols prepared by the Oxo 

formers. . reaction and containing ■ impurities, particularly those 

In typical alcohol recycle esteriflcation oi)erations, a ^5 of. the sulfur; containing and color forming: type, can be 



essentiafly efiminated and a good grade of synthetic alco- 
hol produced. This novel metjiod of treatment is carried 
o^t by contacting the liquid alcohol, preferably subse- 
quent to at least one distillation in which lighter prod- 
ucts are removed with a solid treating agent consisting 
essentially of certain selected metallic oxides. It has 
been discovered by actual experiment that only a re- 
stricted number of met^c oxides are able to produce 
the beneficial effect of removing tie color producing 
impurities, particularly the undesirable sulfur compounds. 
The beneficial results generally are manifested by a 
str^png reduction in the over-all sulfur content of the 
treated alcohol and also by the color of the esters such 
as the phthalate ester produced in esterification 



. 6 

Although no critical limits of pH va&es were found 
to aSect tfie treatment from purity considerations and 
chemical nature of the alcohol itself, it is considered best 
practice to carry out the contacting of the metallic oxide 
1 with the impure alcohol under conditions which are 
either substantially neutral, that is, at a pH of approx- 
imately 7 or possibly slightly on the alkaline side. Acidic 
conditions are generally to be avoided. 
Although there is ^o critical feature as to the best 
■ temperature to be employed, in general it is advisable 
'.o use a treating temperature as low as possible and 
yet accomplish the desired purification results. For the 
more active treating agents, room temperature has been 
found to be adequate, provided the time of exposure of 



thus treated alcohol. Color developed during 15 the alcohol to the treating agent is adequate. In c 



esterification is measured in a number of ways, including 
a phthalate ester color value and a measure of the color 
adsorption at a standard wave length value. Preferably, 
the treatment with metallic pxides is foUowed by a 
redistillation m which the alcohol is recovered substan- 
tially completely with only minor amounts of material 
being discarded at the beginning and the end of the re- 
running operation. 

The types of metaUic oxides particularly prefeired for 
treating sulfur-containing alcohols and particularly those 
produced in an Oxo reaction include mercury oxide, 
manganese dioxide, and lead oxide, particularly red lead 
oxide. In general, tiiese OJtides are the only metallic 
oxides found to give tiie highly desirable results neces- 
sary for tile required purification. However, a number so 



of related materials were found to give some improve- 
ment in alcohol quality. These materials include cad- 
mium oxide, silver oxide, chromium oxide, copper oxide, 
barium oxide, and magnesium oxide. Certain metallic 
oxides, have, however, been found to give substantially 
no improvement and in fact may even show detrimental 
effects on tiie quality of the alcohol as reflected in flie 
color and odor of the alcohol itself or of organic esters 
prepai-ed therefrom. Metal oxides generally to be found 



oxygen-containing gas is employed with the 
treating agent, optimum temperatures may be varied. 
Generally speaking, the higher the temperature, the 
shorter the contacting time which is required to accom- 
plish comparable results. Treating temperatures of from 
about 25° C. up to 180° C. have been employed witii 
satisfactory results. The lower the temperature which 
can be used, the less danger there is of destroying a part 
of the alcohol itself during the treatment. Treating 
times should be controlled in order to balance the re- 
sults against efficiency of operation. Treating times of 
from one to two hours have generally been found suffi- 
cient to give an acceptable quality of alcohol. 
With regard to the proportions of treating agent used 
contacting the jdcohol, variations will be found, de- 



pending upon the exact source of the alcohol, the treat- 
ing agent being lised, the optional use of air or other 
oxygen-containing gas, the temperature, and the exact 
{proportion and composition of the sulfur-containing im- 
purities which it is desired to remove. It has been found 
that the use of about 10% to 50% by weight of flie solid 
contacting agent based upon the total amount of alco- 
hol bemg treated will in most cases be adequate. 

^ ^ _ _ Although it is possible to use the crude alcohol prior 

,„ tiiis'class include tin oxide, aluminum oxide, titanium 40 to a topping operation, this practice is generally con- 
dioxide, silica, and calcium oxide. Altiiough it is not sidered to be undesirable. Thus, it is much better to em-, 
desired to limit this invention to any particular chemical ploy as a feed to the treatmg process a topped Oxo al- 
theory to explain the extremely surprising results ob- cohol, that is, one from which lower boiling materials 
tained from the specific oxides, it is believed that it is have been substantially removed and in fact, it is pre- 
at least necessary to use a metal oxide in which tlie ferred to treat only a finished or distilled alcohol, that 
metallic ion is capable of at least tv/o valence values and is, an alcohol product which has been subjected to dis- 
in which tiie metaUic ion is initially in a relatively high tiUatipn. 

state of oxidation such tiiat it may serve as an oxidizing it has further been found that following the treat- 
agent during tije treatment of tiie sulfm^-containing im- ment, tiie alcohol will require a further distillation in 
pure alcohol, tiiereby causing the metal of the metal 
oxide to assume a lower or reduced valence. 

In general, 1i»e treatment reaction is carried out by 
contacting tiie Uquid alcohol witii tiie solid metalHc 
oxide under conditions which assure adequate contacting 
of flie impure ajcohol witii tiie treatmg agent as any g. 



commonly used method for achieving such contact of 
Kquids and solids may be employed to carry out the 
treating, intimate mixing of tiie two phases being a 
necessary feature of tiie mechanical operation. In cer- 
tain cases, it may be possible to use tiie solid treating ^ 
agent as a bed, in which case an inert support may be 
necessary upon which tiie tireatmg agent is suspended. 

Another manner in v/hich the contacting may be ad- 
vantageously carried out is by the use of a fine disper- 
sion of the solid metallic oxide in the liquid alcohol. j 

In some cases, additional benefit is' obtained by tlie 
simultaneous use of air in conjunction with the metallic 
oxide treatment. Although it has been found that where 

no benefit is obtained from a metallic oxide, air will not the alcohol product, thus minimizing any 
affect the results. In some cases, metaUic oxides which 70 might otherwise occur by such treatment, 
alone give only mediocre effects, in the presence of air xhe invention wiil be better understood in conjunctic 

show surprisingly good results. This is particularly true with the detailed examples given below, 
in the case of manganese dioxide. No unusual results Example I 

were obtained upon the addition of air when usmg mer- ^ u ,u 

cury oxide and lead oxide as the treating agents. 76 An jsooctyl alcohol prepared by tiie oxonation of 



obtain a product of the most desirable quality 
for the production of color-free esters. In general, a 
conventional type distillation using an ordinary frac- 
tionating column will be sufficient for distilling the alco- 
hol following the treatment. It is to be further noted 
that in some cases in which the metal oxide may show 
appreciable solubility in the alcohol or in the impuri- 
ties therein, a wasliing operation may be required in 
order to remove the dissolved or suspended solid from 
the alcohol prior to a redistillation step. 

It is a further advantage of this invention that the al- 
cohol which is used as the starting feed is recovered in 
high purity with a substantially reduced content of sul- 
fur and, particularly, with a reduction in the color-form- 
jag impurities of the alcohol. As a further advantage, 
the recovery of useful alcohol is practically quantitative 
following the treatment, since the metallic oxides pre- 
ferred for tiie treating operation show negligent absorb- 
ency for the alcohol and are also relatively insoluble in 
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When an iropwe isooctyl alcohol from which the lower 
boiling materials had been removed was contacted with 
MnQa and an excess of air at a temperature of about 
100° C. to 180° C. for two hoi3is, the treated and redis- 
tilled aloobbr was found to. contain about 24 p,>p. lOv Of 
sulfur as compared with about 83 p. p. m. of sulfur in the 
untreated alcohol and the tester color of . the ester pre- 
pared therefrom in the presence, of sand blasted type 304 



with ajQ ester color of lOOO-i- given by the untreated 



C7. hydrocarbon stream using carbon monoxide and hy- 
drogen and followed by catalytic hydrogenation of the 
aldehyde product to give a mixture predominantly Cb 
primary alcohols but containing difficulfly removable 
impurities of the sulfur-containing class was treated with 
Pb3p4. The alcohol was treated by contacting 200 grams 
in a reaction vessel , with 40 grams of the red lead oxide 
while maintaining constant agitation with a mechanical 
stirring apparatus. The solution was maintained at ap- 

tune or the treatment and the solution was simultaneously 
contacted with an excess of air (47 liters). The alcohol 
solution was then cooled, filtered, water washed, rerun, and 

subjected to a two-hour esteriiication with phthalic an- . 

hydride -in the presence of a sand blasted type 304 '•> . When an. experiment was. carried out in every way sim- 

stainless steel strip. The phthalate ester color of the ilar to that described in Example VI. except that lower; 

product was 225 and the light adsorption value at 4,470 temperatures of the order of 70° C. to 80° C. were mam- 

AV was 0.060 as compared to the untreated alcohol which t™^^ dmrng the treatment with the manganese dioxide 

gave an ester color value of about 12,000 and an equiv- P^"* '^^^'^ given by .the ester prepared from 

alpnt light adsorption of more than 2.00. The sulfur 20 the treated alcohol in tiie presence of sand blasted type 

content, of the untreated alcohol was 41 p. p. m. which 304 stainless steel was found to be about 600. 

was reduced by the lead oxide treatment to 29 p. p. m. Whatisclaroied is: ^ 

1. A process for the treatment of a water-imrmscible, . 

Example U primary, CVCia alcohol containing sulfur impurities 

In a similar experiment usmg Pb304 for the treatment ""^vA. was produced in a two-stage operation consisting 

of an umpure sulfur containing isooctyl alcohol in which ^ ^^st stage in which hydrogen, carbon monoxide, and 

the irapurities caused color formation during the prep- °^^3n are contacted in the presence of an oxonation 

. aration of derivatives, was treated with Pb304 for one catalyst, forming a product predominantly aldehyde and 

hour at room temperature in a manner similar to the ^ second stage in which the said aldehyde product is 

treatment process described in Example I. The alcohol catalytically reduced with hydrogen to form the corre- 

was iiltered, water washed, and rerun. A phthalate ester sponding alcohol and from which components more 

prepared under standard conditions in the presence of volatile than the alcohol have been removed, which com; 

type 304 sand blasted stainless steel strip was found to P"^^^ liquid-solid contacting of the topped alcohol 

- 1 light ad- with a solid metallic oxide selected from ttie group con- 
3.') sisting of mercury oxide, manganese dioxidei and lead 
oxide, at temperatures of . from 25 '-180° C, whereby un- 
desirable impurities, particularly those of the sulfurrcon- 

An impure isooctyl alcohol containing sulfur impurities f ^'f ^'^^^ are rendered substantially harmless particu- , 

and, prepared . by the Oxo reaction was treated with solid ^^^ly ^ to colorrproducing tendenaes m subsequent re- 

PbO and air for two hours at a temperature of approxi- ^^ ^^ alcohol. . :^ ^ . , . ■ . ^. ^. 

.■ raately 80° C; Constant agitation was maintahied 2. A process sucli as tot described m cla^ 

throughout the treatment to insure good contacting of the treated alcohol is subjected 

alcohol with flje solid lead oxide. The alc(jhol was sub- the metalUc oxjde treatment, 

sequently filtered, water, washed, and. rerun. When isnb- ?• ^ Process for the 
jected to an esteriflcation reaction with phthalic anhydride 
in the presence of a sand blasted type 304 stainless steel 
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Example IV 

A topped isooctyl alcohol containing about 82 p. p. m. 
of sulfur was found to show an ester color value of about 
12,000 and a light adsorbency at the standard wave length 
of 4,470 A, of more than 2.0. When 200 grams of this 
alcohol were subjected to treatment with 80 grams of 
HgO at 150° C. for two hours, 60 liters of air was passed 
tirrough the alcohol during the two-hour period of treat- 
ment. Following the treatment, the alcohol was filtered, 
water washed, and subjected to redistillation. When the 
thus treated alcohol was used to esterity phthalic anhy- 
dride, the reisulting ester product was found to show an 
ester color of about 560 and a light adsorption of only 
0. 1 00. The alcohol itself was found to have only 4 p. p. m, 
of sxilfiVi an outstanding improvement in the sulfur con- 
tent as. compared with 82 p. p. m. of sulfur in the 
treated alcohol. 

Example V 

When HgO was used as a treating agent at approxi- 
mately room temperature for one hour, . employing 80 
grams of solid treating agent per 200 grams of alcohol, 
the phthalate ester color of thie ester prepared fronij the 
treated alcohol in the presence of sand blasted type 304 
. stainless steel was found.to be about 490 and the. light ad- 
soiptiw was 6.115. 



. water-immiscible, 

primary Cb alcohol containing sulfur impurities prepared 
by the 0x0 process wherein carbon compounds contain- 
ing oieflnic linkages are contacted with carbon monoxide 
and hydrogen to form an aldehyde product, and said alde- 
hyde product is subsequently hydrogenated and from ■ 
which substantially all components more volatile than 
the alcohol have been removed, which comprises the 
liquid-solid contacting of the topped alcohol with a solid : 
metallic oxide selected from the group consisting of mer- 
cury oxide, manganese dioxide, and lead oxide at tern-; 
pisratures of from 25°-180° C. for a period of time of . 
from one to two hours, whereby imdesirable impurities 
particularly those of the sulfur-containing class are ren- 
dered substantially harmless as color-producmg bodies 
in subsequent reactions of the alcohol and the total sulfur 
content of the topped alcohol is substantially reduced by . 
the treatment. 

. 4. A process.such as that described in claim 3 in which 
the treated alcohol is subjected to at least one distillation 
foIlp\dngflie metallic oxide treatment. . 
,. 5. A process for the treatment, of a Oxo water-immis-. 
dble, primaiy alcohol containing sulfur impurities haying 
from four to twelve carbon atoms which was produced 
in a two-stage operation consisting .of a first stage in which 
hydrogen, carbon monoxide, and an olefiri are contacted 
in the presence of an oxonation catalyst forming a product 
predominantly aldehyde and of a second stage in which 
the aldehyde product is catalytically reduced with hydro- 
gen to form the corresponding .alcohol, and from which 
coroponents more volatile than the. alcohol have been 
removed, which coniprises the| liquid-solid contactmg of 



the topped ajcohol with a solid metaJJic oxide selected 
from the group consisting of mercury onide, njanganese 
dioxide, and lead oxide for a period of tigae sxifficient so 
that undesirable impurities particularly those of the sulfur- 
contaming class are rendered substantially harmless as 
color-producing bodies in subsequent reaction to (he 
alcohol. 

6. A process such as that described in claim 5 in which 
the alcohol being purified is a Cs alcohol. 

7. A process such as that described in claim 5 iij which 
the topped alcohol being purified is a Ca alcohol and the 
metallic oxide used as a treating agent is mercury oxide. 

8. A process such as that described in claim 5 in whjdi 
the topped alcohol being purified is a Cs alcphol and the 
metallic oxide used as a treating agent is manganese diox- 
ide, and ttie alcohol is contacted with aii during the metal- 
lic oxide treatment. 



9. A process sfich as that described in claim 5 ia whit^ 
tbe topped alcohol being purified is a Cs alcohol and the 
metric oxide used in the treatment is red lead oxide. 
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